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116 MR. F. D. BROWN'S NOTES ON THERMOMETRY. 
At first we were inclined to think the higher results for the 
candle-power of a lamp obtained with our dispersion-photo- 
meter than those obtained with an ordinary distance-photo- 
meter were due to some error in our photometer itself; but 
we have since ascertained that this is due to the absorption of 
the air-because we find that, if simultaneous measurements 
are made with ordinary Rumford's photometers, each without 
lens or mirror, placed at  different distances from the lamp in 
the same azimuth and in the same horizontal plane, the nearer 
ond gives, as a rule, the highest readings ; and the difference 
is the greater the stronger the light, and is greater if the light 
be examined a t  each photoxieter with green glass. 
XIV. Notes on Thermometry. B y  F. D. BROWN, BSc., 
Demonstrotor of Chemistry at the LTiiirersity JZusenm, O:cj"o. 
[Plate VI.] 
SOME years ago, when I determined to t ry  and find out 
something about the attractive forces which the ntoins ;~nd  
molecules seem to  possess, by studying the eflects of licnt 
upon chemical substances and upon mixtures of such SUI)- 
stances, I was led to the conviction that, if  lie work which I 
proposed to do was to be of any permanent use, I should I N  
obliged to take many and minute precautions regarding tlio 
measurement of temperatures-a measurement which, owing 
to the peculiarities of mercurial and other thermometers, is 50 
liable to error. In order to learn how best to use my therino- 
meters, and how to refer their readings to n satisfactory 
standard, I made a considerable number of experiments. At 
the time when these experiments were made I imagined that 
the subject of thermometry, although presenting many diffi- 
culties to my mind, had been thoroughly worked out by 
others, and therefore that a printed record of my observations 
would be generally deemed to be of little utility. The recent 
publication of a paper by Dr, E. J. Mills (Edin. Roy. Soc. 
Trans. ISSO), of one by Professors T. E. Thorpe and Riicker 
(Phil. Mag. [ 5 ]  xii. p. l), and more especially of a report by 
M. Pernet (Me" et Travaux d u  Bur. inter. des poi& et mes. 
i. 1881, pp. 1-52), has led me to change my opinion, and to 
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think that there still remain many points connected with 
tl xmometers about which not only I, but others also, would 
be glad to have more certain information. Acting upon this 
belief, I have put together in the following pages some of the 
results of my experiments. 
The Xeivurial Thermometer aa a Standard. 
I was soon convinced that any attempt to express tempera- 
tures in degrees of an ideal absolute thermometer, or even to 
refcr them correctly to tho readings of an  air-thermometer, 
would involve a most extensive and wearisome investigation, 
wliich would postpone indefinitely the work I wished to do, 
To avoid this substitution of the means for the end, I decided 
to construct a mercurial thermometsr and to use i t  as a stan- 
dard, keeping it until such time aa the progress of our know- 
ledge should render its comparison with the air-thermometer 
a matter of less difficulty. 
As a mercurial thermometer is very liable to be broken, I 
first wanted t,o know whether this instrument fulfilled the 
primary condition of a true standard, of being capable of 
reproduction when lost or destroyed, With this end in view, 
I made two therniometers at different times, and wholly 
indopendently one of the other, and compared their readings. 
To tliose who may wish a t  any time to construct a mercurial 
thermometer without the elaborate appliances ordinarily em- 
ployed, but in which absolute sonfidence may be placed, the 
following details may be of interest:- 
A capillary tube of medium bore, about 800 millimetres 
long, freo from all flaws, and having as uniform a section as 
possible, is provided with a millimetremale of 600 divisions. 
The etching of this scale is a matter of great consequence : it 
very frequently happens that the divisions on glass tubes are 
not of exactly equal length, but that, owing to some defect in 
the dividing-engine or some movement of the tube while un- 
dergoing the process of division, some of the divisions are so 
iiiuch longer or shorter than the rest as seriously to interfere 
with the subsequent process of calibration. Even when all 
the lines are equidistant, they are often so thick, and present 
so irr3gular an outline when viewed through a telescope, that 
it is impossible to fix upon any particular point as that repre- 
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sented by the dividing-line. The tubes I employed m r e  
selected and divided with special carc by Mr. Casella, the 
lines being perfectly straight, less than 0.4 niillim. in thickness, 
and in all cases equidistant. 
As a glass tube, however carefully selected, is never of 
uniform bore, it is necessary to ascertain the relative capacities 
of the several divisions of the tube, or, in other words, to 
As is well known, this is easily done by 
placing a thread of inercury in successive positions along the 
tube und observing its length, the mean capacity of the clivi- 
sions occupied by the thread being, of course, inversely pro- 
portional to that length. I n  this way, and by adopting the 
plan of correcting the position of the thread suggested by 
Dr. Mills in the Raper above referred to, which plan he l i d  
been kind e i i o q h  previously to communicate to me privately, 
a tiible is readily constructed showing the volume of the tube 
from the line marked 0 to any line marked ?L, and also tho 
value of‘ the succeeding division. The only difficulty connected 
with this process is the accurate nieasureiiient of the length of 
the thread of merciryin its several positions. I t  is true that 
this may easily be done with a dividing-engine or some siiiiilar 
instrument, such as n cathetometer provided with a microineter 
epepiece and placed horizontally. As, however, reliable instru- 
ments of this class arc csceedingly costly, I designed a m a l l  
piecc of q y r a t u s  for the purpose, which h:s proved so con- 
venient and useful that I vcnture to describe i t  here. 
A ni: thopiy board, I3B (P1. VI. fig. l),about 18 inches long 
and 4 inches wide, is provided with a vroove, G G, of the shapc 
shown in thc section (fig. l o )  ; a piece of gun-metal, :bout 
5 inches long and inch thick, slides in this groove with solno 
little difficulty-the friction, ~vhich is produced by the spring 
f f, being necessary to retain the plate rigidly in any given 
position. The plate, D, is provided with a slot, e e ,  and a milli- 
metre-scale, S 5, the di~icling lines of which must, like thoso of 
the tube to be calibrated, be Yery fine and truly equidistant. Tlic 
piece of gun-metal, E, which is provided with a vernier, carries 
the reading-microscope, AI,  and can be moved along 8 S Ly 
nieans of the rack and pinion p ; the movement is rendcred 
smooth an&free from lateral displacement by the spring c, which 
causes the ends of E to remain always in contact with the 
calibrate ” it. 
7 
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straight edge of the slot. The thermometer-tube is fixed with 
suitable screws under the path of the microscope7 so that the 
length of a thread of mercury can be easily measured by 
placing the microscope so that its cross wire coincides first 
with one end of the thread and then with the other, nud noting 
on the scale the distance between the two positions. 
The millimetres of the brass scale and those of the tube, if 
lnarked off by different makers, will often differ a little in 
length ; hence it is generally more satisfactory to obtain froin 
the glass scale the number of whole divisions occupied by the 
thread, and to measure the terminal fractions only by the 
111 icroscope. 
Since the line on the outside of the tube is nearer the eye 
than the thread of mercury inside the tube, it is clear that 
when the microscope is adjusted to view the endof the thread, 
and is then moved along until the cross wire coincides with 
tho nearest line, this last will be out of focus, and either the 
whole microscope must be raised up or the distance between 
the object-glass and eyepiece altered. Now, unless tho in- 
strument be constructed with great solidity, and much care 
be taken to fit accurately all the moving parts, this adjustment 
will probably alter the position of the optical axis, and so 
render the measurements inaccurate. To avoid this diffi- 
culty, I added a half-lens, L, fitted in the ordinary way on 
a brass tube sliding on the end of the microscope. This 
lens of course brings the focus of half the field nearer the 
object-glass ; so that, by properly adjusting it, the divisions 
are seen through the half-lens at the same time that the 
mercury is observed through the unprotected part of the 
object-glass. I n  this way all disturbance of tLe microscope 
is avoided throughout the calibration, which is thus carried 
out with much greater comfort and accuracy. 
Two tubes were calibrated with this apparatii:, and tables 
of their volumes from the first division compiled ; they were 
then furnished with bulbs, filled with mercury, and sealed 
up in such a manner that they formed thermometers capable 
of indicating temperatures between 0' and 150' C. The 
fixed points of the two thermometers having been determined 
with the precautions indicated blow, tables showing the 
temperatures correspondiiig to the redings of the scale were 
VOL. v. L 
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made in the nsnal.manner; the two instruments were th(-lll 
compared together, either in a large tank of water which w;19 
kept well stirred, or in tho steam-apparatus which I de- 
scribed to the Physical Society at the time when these e x p  
rimenta were made. Before a mies  of readings were taken, 
both thermometers were heated for at  least half an hour in 
steam, while their zcro-points were observed after the series 
was completed. Tho numbers given in the following tablo 
show that the two thermometers gave practically identical 
readings. It would seem, therefore, that the mercurial ther- 
mometer, when carefully made and systematically heated, docs 
really p&ss that valuable property of a standard, of being 
capable of exact rcproduction. 
sesdingofBS, 
corrected for 
indexerror. 
Beadingof68 
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6-99 697 
791 7.93 
1040 1040 
11-59 11.59 
In most books on physica it is stated that, in order to 
obtain the zero-point of a thermometer, the instrument should 
be placeQin a vessel filled with broken ice and provided with 
holes at the bottom, through which the water formed by the 
melting of tlie ice may escape. In order to learn whether 
this method is the best possible, the following experiments 
were made:-A number of tin pots, abont 7 inches high an3 
4 inches in diameter, were obtained, and holes made in tho 
bottoms of two or three of them. A large block of ice xaa 
broken up into small fragments, which were well mixed up, 
so as to render the whole perfectly uniform in character. 
One of the tin pots, which we will call A, wm filled with 
82.13 1709 
1W52 1 22-78 17Q9 22-79 
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some of this ice, which bad been washed in a funnel with 
ordinary water; A was then filled up with water, so aa to 
form a mixture in which the ice largely predominated. A 
second tin, B, was filled with some more of the ice, which 
had been washed with ordinary water in the same way; B, 
however, had holes at the bottom, and the water formed by the 
fusion of the ice thus drained away. A third tin, C, contained 
some of the same ice, which had been washed in a funnel with 
distilled water, and then mixed with distilled water in the 
same way as in A the ice was mixed with ordinary water. 
In a fourth tin, D, which was provided with holes, some ice 
was placed which had been washed with distilled water. 
Finally a quantity of distilled water was artificially frozen 
the ice broken up into small pieces, washed, and mixed with 
distilled water in a fifth tin, E. A thermometer with B long 
narrow bulb, and with a stem divided into millimetres, was 
carefully inserted into each tin in succession, and readings 
taken with a cathetometcr. About 17 millim. of the scale 
were equivalent to one degree Centigrade. In  A the readings 
soon became constant at 1”.00 ; in B the readings varied con- 
siderably for about half an hour, but finally became constant 
at 1 O . 1 2  ; in C the thermometer became rapidly constant a t  
1O.16 ; in D the readings became convtant after a short time 
at 1O.06 ; in E the readings did not vary after the first four 
or five minutes, remaining at  OO.64. 
At  the end of theso observations, which occupied nearly two 
hours, the thermometer was replaced in A, where the‘ mercury 
rapidly assumed the same position as before, viz. lo.0O. Seeing 
that, with the exception of E, the greatest difference in the 
readings does not amount to OO.01 C., we may fairly draw the 
following conclusions:-First, that a constant temperature is 
more rapidly and certainly obtained with a mixture of ice and 
water than with ice alone; secondly, that the tempemture 
thus obtained i i  really that of melting ice ; thirdly, that it is 
preferable to wash imd mix the ice with distilled water, 
ordinary water tending to lower the temperature, though to an 
insignificant extent. 
With the view of seeing whether different varieties of ice 
gave the same results, two specimens of block ice and ON? of 
the rough thin ice collected in winter near London were 
L 2  
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obtained, while two cylinders of distilled-water ice were arti- 
ficially produced. These were all broken up separately into 
small pieces, washed with distilled water, and then mixed with 
the same in five tins, A, B, C, D, E. The tthermometer placed 
in these tins marked 1 O . 3 0 ,  1 O . 3 4 ,  1 O . 2 6 ,  1O.30, and 1O.27 re- 
spectively (these numbers me not comparable with the former, 
as the experiments were made a month or so later, when the 
zero of the thermometer had altered its position). These ex- 
periments showed that distilled-water ice gave the same results 
as ordinary ice, and that the melting-point of different speci- 
mens of ice, when mixed with distilled water, was the same 
within 0°-005 C. The exceptionally low rending obtained with 
the tin E in the first series of experiinents was probably due 
to the fact that the ice, having been made by means of a 
freezing-mixture, was not a t  its maximum temperature. 
I n  subsequent determinations of the zero of thermometers 
I have always used ordinary block ice, washed and mixed with 
sufficient distiiled water just to fill up the spaces between the 
pieces, and have not allowed the water to drain away. These 
results are in accord with those obtained by M. Pernet. 
Zero-rnovements, ancl Substitution of tlu? Determination of the 
Steampoint for that of the Zero-point. 
I n  coilsidering the well-worn question of the zero-move- 
ments of thennonieters, it is important to distinguish between 
ih practical and theoretical aspects. To make a study of zero- 
movemenh from an abstract point of view, to find out equa- 
tions expressing these movenieuts under different circum- 
stances and with different thermometers, to learn that when a 
certain thermometer has Leen subjected to a certain series of 
temperatures at certain intervals of time its indications on 
next changing its temperature will be affected with a certain 
index error, inay possibly be of some utility, but it does not aid 
us much in the endeavour to free the readings of thermometers 
from the errors with which they are surrounded. When once 
WO have acquired the information that a thermometer sub- 
jected only to those changes of temperature which are due to 
the weather exhibits a gradual rise of zero, that the rise thus 
taking place in a given time diminishes as theage of the ther- 
mometer increases, but differs for different thermometers, when 
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we also know that n tlierinoineter subjectcd to a high tenipe- 
rnture after a considerable period of rest exliibits a decrease in 
its aero-rending, dependent on the thermometer itself and also 
on ita previous history,-we know all, or nearly all, that we 
a n  put to practical use. 
Thus, for example, tho thermometer attached to my standard 
haromebr was verified at Kew Observatory when it was first 
supplied to me, some four or five years ago. Since then I 
have from time to time observed its rending in melting ice, 
and hnve modified accordingly the correction to be applied to it. 
Now, no observations of other thermoineters-no curves or 
equations representing their zero-movements-could ba of any 
assistance to me in this matter. I knew that the zero would 
probably riso, and that the amount of the rise would not be 
the same in my case as in that of others, and that, therefore 
I must obtain the index-error experimentally. I also knew, 
that if I boiled the thermonicter I should causo irregular 
changes in the position of the zero; and as thoro was no 
necessity for the operation, T avoided boiling it. But if by 
inischance it had fallen in boiling water, no equations ropre- 
senting the zero-movements of other thcrinonieters would have 
told mo exactly what had happened to mine ; I should simply 
have been obliged to observe its index-error more frequently 
than before the accident happened. 
The question which seenis to me to be of the greatest impor- 
tance with regard to zero-movements is, how we can best 
reduce the trouble which they cause us. I n  the case of all 
meteorologicnl and clinical thermometers, where the changes of 
temperature are small, as in the above C:LSC, it is evident that all 
we can or need do is to protect the instrument from unnecessary 
changes of' temperature. When, on the contrary, our observa- 
tions extend over wide ranges of bniperature, the difficulties 
increase considerably. Suppose, for example, that I w:mt to 
use a thermometer 6 indicate accurately a series of tempe- 
ratures between 70" and 90". It is obvious that if I observe the 
index-error beforehand, and apply the correction thus obtained 
to my readings, I shall not be doing right ; for the ver$ heating 
of the thermometer to 70'-90' will h a w  altered the indes- 
C"w. But if, on the other hand, I first heat the thennometer 
fo looo, then ascertain its indes-error, then ninkc my experi- 
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ments with it, and finally observe its reading in ice a seecond 
time, I shall be tolerably certain, if the index-error is the same 
at the end m at the beginning of the experiment, that no 
variation has occurred during the observations. 
In most laboratories, however, the frequent determination of 
the zero-point of a thermometer involves a considerable expcn- 
diture of labour : ice has to be purchased, broken up into small 
pieces, washed, and placed in a suitable vessel. A11 thie 
requires no little time, and has, moreover, to be repeated at  
every determination, since the broken ice melts away in t l ~ c  
interval. On the other harid, the apparatus for the observation 
of tho steam-point is always in readiness; if, therefore, no 
greater error arises when the index-error is determined before 
and afbr  the experiments by means of the steam-point, a giut 
saving of time will be effected, without any corresponding loss 
of accuracy. 
When the temperatures to which the thermometer is to be 
exposed are greater than 1000, the instrument should Le hcatcd 
for some time to the highest probable teniperaturo before t h  
steam-point is observed for the first Lme. In this way t h o  
lowering of the zero which takes place when a thermo~neter is 
heated from 100" to some higher temperature, to which it has 
not been exposed for some time previously, is effected first of' 
all, and does not take place during the experiments, as it 
otherwise would. 
The only objectibn which can be raised to this method is 
that, when some at  least of the temperatures to be measured 
are below loo", it is possible that the steara-point, which is 
lowered by the first heating in steam, rises again during the 
experiments (that is, when the thermometer is at a lowor 
temperature), and then, by the second heating in steam, is 
again brought to the sawe position as at  first. I n  this way 
the observations in steam, although concordant, would not 
give the true index-correction to be applied to the readings. 
That the error which thus arises is of no importance is, I 
think, rendered probable by the following considerations :- 
The gradual rise of the zero of a thermometer reeeives its 
most natural explanation when it is supposed that the gl:!ss 
bulb, a b r  having been heated and somewhat quickly cooled 
is in a state of strain which causes it to have a larger wpacitj 
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than it would have if no such strain existed. As time goes 
on, and more especially as the thermometer is snbjected to 
s ~ ~ l n l l  fluctnations of temperature, the particles of the glass 
gr:dually yield to the forces which are acting upon them, and 
tnko up new and more suitable positions. These inolecular 
mowments result in a gradual diminution of the capacity of 
the bulb, and consequently in a r i se  of the zero. Now i t  is 
pritlcnt that, if a certain state of strain is set up when a ther- 
1nonictt.r is coolcd from 100" to Oo, when it is cooled from 100" 
to wmc intermediate temperature t the strain sct up will be 
leas considerable ; there will therefore be a greater tendency 
tor the zero to rise when the thermometer is p1:iced in,mclting 
ici: tlinn when it  is subjected to the temperiiturc t. Consc- 
cpntly, if it be found that, when n theriiiornetcr after being 
11o:itcd in stenin is placed in ice, no change of the zero takcs 
pl:t(~e for tlircc or four hours afterwards, we in:ty lcgitimntcly 
conclutle that, if the thermometcr werc iii:iintaincd for the 
sniiic' timc at the temperature t ,  no movcincnt of thc zcro would 
ocxw.  I have frequently kc,d recently-licntcd thcrmoincters 
in melting icc for several hours, renewing thc ice whcn'neces- 
w-j; and I havc always observed, with all of my instruments, 
thxt no change took place for the first thrcc hours, and that 
during the next two or three hours the r ise was cxtremcly 
sinall. It follows, therefore, that if in any eerics of obscrva- 
tions lasting morc than three hours the thcrmoineter bo heated 
in  steam at the end of every third hour, therc will be'*,no un- 
certainty as to the position of the zero; that if the experiments 
bc carried on continuously for six hours, a slight rise of thc 
zero may occur during the last part of thc time, but that this 
rise will not amount to more than one or two hundredths of a 
dcgrec. 
Correction fix- the Exposed Portion of th.e Thread. 
When a thermometer is only partially immersed in the 
medium of which the temperature is to bc observed, the 
reitdings become subject to an error which arises from the 
fact that a part of the thread of mercury, together with the 
corresponding portion of the stem, are a t  a temperature 
different from that of the bulb and immersed portion of the 
stctn. The correction, C, usually applied in this case is given 
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by the formula 
C=m(T-t)N, . , . . . , (1) 
where T= the reading of the thermometer, 
t = the teniperaturc of the exposed portion, 
N =  t'hc number of exposed divisions of the stctii whic*h 
In = thc apparent espansion of iiicrcnry in glass. 
arc filled with mercury, 
This formula is founded on tlie assuniption that the error in  
the rcnding has no other cause than tlie coi~i~~:ir:itively uiics- 
pmndecl condition of :L portion of tho tliread ant1 stem. 
The appnrcnt expnnsion of incrcurj in  glass, as ot)t:iinc;c( 
f'roni llcgnault's csp.iinc!nt.s, is ahout .0001545; but it, difiim, 
of course, for d i f h e n t  s p i i n c n s  of' glass. Whon tliis l ~ ~ n i l ~ i t r  
is cinployed in tho :iliove forniula, the values of C obtained :ire 
gencrdly 1)elievcd to bc too large ; indced a little rcflcation 
will convince us that this must be the cuse whenever the tciu- 
pcrnturc of the exposed portion is irierely measured by placing 
mother tharinomcter with its bulb 1ialfw:iy up it. This scc~ond 
therinonicter evidently measures the tcmperntnre of the 
ascending streain of warin air :irountl the stein ; if tho stem 
of thc chief therinomctcr were suliccted to the heating 
influence of this stream, and to no other, its teinper:itnrc 
would be rightly given by tlic subsidiary thei*inonietcr ; h i t  
the thermal conduction along the thrccld of incrcury and aldng 
the glass stem must necessarily raise the lowcr'part of the 
exposed stem to a temperature higher than that indicated by 
the subsidiary thcrinorncter. Tlie value of (T- 1 )  therefore is 
too great, and consequently also that of C. 
I n  order to meet this difficulty, Dr. Mills, instead of endua- 
vouring t.0 give to ( T - t )  its proper wluc, has iriade a largo 
nuniber of cxperiineiits with different therinoineters with it 
view t o  :issign a niore satisfactory value to In, and hits thus 
been lcci to draw the following conclusions :-Tho vnlue 
4001545 of' the coefficieiit m is invariably too great. This 
coefficient varies with the thernioincter employed, and also 
wit8h the nuniber of divisions of t'he thread exposed ; ' so that, 
instead of assigning' one definite value to 111 for each thermo- 
meter, we must give it a value 
ni = a  + PN, 
where a and p nwst lie cletc.riiiincd for each thermometer. 
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Professora Thorpe and Rucker, on the other hand, while 
admitting that the value m=*OOO1545 may be generally too 
large, maintain that it is sufficient to replace i t  by some other 
single number, and that the employment of the varying coefi- 
cients a + P N  is unnecessary; they support this opinion by 
showing that in Dr. Mills's own esperiiiients t?ie alterations in 
the value of C, caused by the introduction of the term PN, do 
not amount to more tlian one or two hundredths of a degreo, 
ant1 are therefore insignificant. Dr. Mills, replying to this, 
states that thc chnngc in the correction C brought about by 
the torin ,SN often amounts to so inmy hundredths of a degree 
that it cannot be neglected. 
Now it is clear that by merely placing a second thermometer 
halfway up the csposcd thread, only the roughest idea is ob- 
tained of the real temperature of the thread. Suppose, for 
example, that T=lOOO, and that t is hiken at 15", being sub- 
ject to an error of 5' : the value of (T--t), which is 85, will 
be subject to an error of 5") or about 6 per cent. What, 
thereforc, can be the use of attempting to determine the coefi- 
cient P,  of which the value would appear ordinarily to be about 
0*0000008, when so great a source of error is left unprovided 
for ? 
In  all experiments in which I have hn:1 occasion to use 
mercurial thermometers, I have endeavoured to avoid any cor- 
rection for the exposed thread, by making the apparatus and 
thermometsrs employed of such relative dimensions that the 
whole thread and bulb, except the toplnost division, are a t  the 
same temperature. When this is inipossible, and when the 
experiments require such extreme accuracy, i t  seem's to me that 
the first thing to be done is to surround the exposed portion of 
tlie thread with a current of running water, and so, while pre- 
serving it from the uncertain effects of conduction, radiation, 
Jlc., to render possible the observation of its esact temperature. 
TIE valuo of ( T - t )  being thus correctly measured, that of m 
i s  found to be constant for all values of N, and to differ but 
little from 0.001545. It varies, however, with different thcr- 
111 onie te rs . 
The following experiments show most distinctly the truth 
U[' this statement:- 
One of the standard thermometers mentioned in the first 
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section of this communication waa partially surrounded by a 
glass tube, a b (fig. 2), about an inch in diameter; this tube was 
closed at the bottom with a piem of good cork, about 8 millim. 
thick, through which the stem of the thermometer passed. The 
upper end of the tube a b was fitted with a cork, in which wero 
four holes-one for the stem of the chief thermometer, a second 
for a thermometer to indicate the temperature of the water 
contained in the tube, while through the two others passed thc 
tubes by means of which the current of water was maintained. 
The thermometer thus furnished was fixed vertically in tho 
ordinary apparatus, A, for determining, the 100°-point of 
thermometers. The open end of A was closcd with a thin 
disk of brass, with a sinal1 centra1 hole, through which the 
tkxmoilietcr passed. One degree was q u a 1  to about four 
divisions of the niillirnctre-scale of thc thermometer, tho 
readings of which were obscrved with n cathetometer, and tlw 
fractions of a division measured with that instrumcnt. It wis 
found that the readings of the thermometer under these con- 
ditions were correct to  e02 of a niillimctrc, or -005 of a degrcc. 
The numbers given below are the means of three readiiip, 
which, however, we-so nearly always identical. The thermo- 
meter in thc water was graduatod to fifths of a degree, and had 
been compared with the standard. 
The chief thermometer was first heated in the steam for an 
hour, with two or three inches of the thread above the cork ; 
it was then pushed down until thc quicksiIver was only just 
visible above the cork, and the reading noted ; i t  was then 
pulled up again, and readings taken in various positions, as 
given in ihc following table; finally the thermometer TYZS 
again pushed down as far as possiblc, and the reading takcn, 
when it was found to be the same as before, showing that n o  
chango in the 100°-point had supervened during the expcri- 
ment. Of several series of observations made in this manner, 
the one contained in the following table will suffice, sincc 
they all led to precisely the same fesult. 
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divisions Bur- 
rounded by 
cold water 
Reading of Standard when wholly immersed = 3!)3*42, 
Barometric pressure, corrected and reduced, = 760.1. 
Corresponding temperature of steam = 100°-OO. 
&ling of 
stclndard! 
T. 
of Vulue of m, 
(T - t ) N ’  =39342-T, = - 0 
317 
277.5 
22 1 
173 
130 
79 
Number of 
di\isions sur- 
iounded by 
rold wnter 
I I I ~  occupied 
by mercury. 
302 
237 
174 
127 
- 
Temperature 
of water. 
-- 
18.0 
12.3 
12.0 
12.1 
12.1 
12.1 
Temperature 
of water. 
-- 
I!50 
11.9 
12.0 
12.0 
415.13 
415.96 
416.84 
417.47 
A n  inspection of the above tablc is sufficient to convinco LIS 
tllat thc valuc of 7 n  is constant, and cqual to thc apparcnt cs- 
I):mion of mcrcury in the glass of which tho thcrniometer was 
ninclc ; the numbers would p d ” ~ l y  hnvc agreed oven more 
(~iosely, were it not that i t  is iiiipossiblc to arrangc tlic appa- 
ratus so that the cold portion of’ the therinoinctcr-stem follows 
directly upon the hot portion. Thcro m i s t  always be an 
intcrval occupicd by the cork, the t c m p ” u r c  of which 
ii uncertain. It should be rcinarkcd that therc is 110 indication 
whtcvcr  of the valuc of m increasing when that of N increases. 
t’recisely the same rcsults wcre obtained with thc second 
,standard thermometer, as is shown by tho following table:- 
Tlcading of Standard BS, when wholly immersed, = 419.21. 
Barometric pressure, corrected and reduccd, = 760.5. 
Corresponding temperature of steam = 100”-02. 
4.08 
’ 3.25 
2.37 
1.74 
Value of m, 
C 
(T-t)N 
- - -. 
--- 
0001535 
.0001556 
*0001518 
9001657 
Here, again, the value of m varies only within the limits of 
the error of observation, and shows no t,endency to increase 
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when N increases. It may be noted that with both the abovc 
thermometers the mean value of m is greater than *0001545 
the value usually assigned to it, but that it differs from that 
number by so little that the error committed by substituting 
the one for the other in the calculation of the correction C will 
rarely amount to more than OO.02 C. 
The above experiments mere made at looo, because this is 
the only temperature which can be maintained absolutely 
constant for an hour without the use of a quantity of compli- 
cated apparatus ; and it  is evident that the slightest variatiou 
in the temperature would entirely spoil the series of obsern- 
tions. At  higher temperatures the sources of error which 
beset the readings of thermometers increase so rapidly that 
the exact value of the coefficient m becomes of less and less 
importance as the temperature rises, notwithstanding the 
fact that the correction C increases in amount. Since there 
is no reason whatever to suppose that any different resulk 
would be obtained at such higher temperatures, I thought 
it unnecessary to make any further experiments, more espc- 
cially as those given above yielded precisely those iiuinbcrs 
which the ordinary laws of expansion predicted. 
There is another point connected with thermometry, to 
which I devoted attention some years ago. It has been 
suggested that when a thermometer is placed in a vapour at 
maximum tension, as in the ordinary chemical process of dis- 
tillation, i t  does not truly indicate the temperature of tlic 
vapour. This suggestion owes its origin to the fact that drops 
are seen to accumulate and drop off the end of the thermometer. 
It has been supposed that this condensation of the vapour onn 
surface which should be as hot itself, is due to the molecular 
attraction of the glass for the vapour. If  this be the case, the 
heat evolved by the vapour during liquefaction on the thermo- 
meter-bulb would raise the temperature of the latter. The 
thermometer would thus indicate a higher temperature than 
that of the mass of the vapour. The experiments which 1 
made upon this subject, like those instituted by others, were 
inconclusive. I possess, however, an apparatus which seems 
to me eminently suited to answer the question satisfactorily. 
It is at present being employed for other purposes; but 
I trust that, when it  is at liberty, I shall be able to put it to 
this not unimportant use. 
